Monoclonal antibody (MAb) 170-5 was generated to the secretory granule membrane of rat parotid acinar cells. The MAb recognized integral membrane glycoproteins (SG 170 antigen) localized on the luminal side of the secretory granules with N-linked carbohydrates, molecular weights 92,84, 76,69, and 65 KD. Immunohistochemical studies indicated that the SG 170 antigen was found in the secretory granules of both exocrine and endocrine cells and in the lysosomes of various cells in the rat. Immunoelearon microscopy with immunogold revealed that the antigen was present on the membrane of the secretory granules, lysosomes, the Golgi vesicles, and condensing vacuoles in pancreatic and parotid acinar cells and in AR42J rat pancreatic tumor cells; the Golgi stacks exhibited no immunoreaction. The c o d o n localiza-
Introduction
Although the biosynthesis and intracellular traffic of secretory proteins and lysosomal enzymes have been extensively studied (4,23, 32,35), little information is yet available concerning the composition of secretory granule and lysosomal membranes and the interactions between these and other organelles, such as the Golgi complex, plasma membranes, and endosomes. The proteins of the secretory granule membranes are thought to be synthesized in the rough-surfaced endoplasmic reticulum, transferred to the Golgi complex, and subsequently to secretory granules, which then fuse with the plasma membranes in the process of exocytosis. It is assumed that they are reutilized by endocytosis (21) because the half-lives of the membrane proteins are much longer than those of secretory proteins (28). Antibodies to secretory granule membrane proteins could provide a straightforward tool for investigating membrane biogenesis and reutilization of membrane proteins.
In regulated secretion, secretory proteins in both exocrine and Supported in part by grants from the Ministry of Education, Science and Culture, Japanese Government, Nos. 01570018 and 6187001.
' Correspondence and present address: Dr. Shuji Yamashita, Keio Junior College of Nursing, 35 Shinanomachi, Shinjuku-ku, Tokyo 160, Japan. tion of the antigen in the secretory granule membranes indicated that this antigen may play an essential role in regulated secretion. Employing HRplabeled MAb 170-5, we followed the retrieval of the antigen after exocytosis in AR42J cells. The MAb was internalized specifically with antigenmediated endocytosis. It was transported to endosomes, subsequently to the trans-Golgi network, and then packaged into secretory granules. However, the Golgi stacks revealed no uptake of the labeled antibody. (JHistochem Cytochem 40:793-806, 1992) endocrine cells are packed into secretory granules and discharged into the extracellular space after stimulation (21.32). even though the cells are controlled by different mechanisms. The regulation of these processes appears to be controlled not only for secretory proteins themselves but also for membrane components of the Golgi complex, secretory granules, and plasma membranes. For example, the mannose-6-phosphate in lysosomal hydrolases and the receptor of mannose-&phosphate in the membrane of the Golgi complex and endosomes may participate in the sorting of lysosomal enzymes (10,18). It seems, therefore, that the secretory granules in both exocrine and endocrine cells possess a common machinery for secretion and may share common membrane components that compose this machinery.
We developed a monoclonal antibody (MAb) to the secretory granule membrane of rabbit parotid gland and found that secretory granules in both exocrine and endocrine cells and lysosomes share a common antigen in the rabbit; this antigen was designated as secretory granule-specific antigen, SGSA (45). In rats, we suggested previously that secretory granules had a common antigen based on an immunohistochemical study employing a polyclonal antibody to secretory granule membrane of rat parotid gland (46) . Almost identical results were obtained by Cameron et al. (8) using antisera to secretory granule membrane polypeptides of rat parotid YAMASHSIX, YASUDA gland. However, it is difficult to clarify the precise characteristics of the antigen with the polyclonal antibody, since it reacted with many polypeptides of the secretory granule membrane even when the membrane was highly purified.
The present study shows that secretory granule membranes of both exocrine and endocrine cells and lysosomal membrane share a common antigen in the rat, based on an immunohistochemical method using an MAb to secretory granule membrane of rat parotid gland. In addition, the recycling of the antigen (SG 170 antigen) recognized with MAb 170-5 was investigated in AR42J rat pancreatic tumor cells in vitro through antigen-mediated endocytosis employing horseradish peroxidase (HRP)-labeled MAb 170-5.
Materials and Methods

Preparation of MA6
Secretory granule and secretory granule membrane fractions were prepared from parotid gland of the Wistar rat according to the method of Amsterdam et al. (1) . The method of MAb production has been described previously (38, 45) . In short, 6-week-old female Balb/c mice were subcutaneously immunized with the secretory granule membrane (100 pg protein) with complete Freund's adjuvant, and with incomplete Freund's adjuvant 2 weeks later. At 30 days after the last injection, 50 pg of secretory granule membrane protein was injected intraperitoneally into one of the mice as a booster injection. Then, 4 days later, splenic cells were fused with Sp 210-Ag 14 myeloma cells using polyethylene glycol 1000.
Immunohistochemical staining was employed for the screening of hybridomas, i.e., hybridomas that showed a positive immunoreaction in the cytoplasm of both acinar cells in the parotid gland and pancreas and of endocrine pancreatic cells. After cloning, about lo7 of the hybridoma cells were injected into pristane (Aldrich Chemicals; Milwaukee, W1)-treated mice to develop ascites.
Cell Culture
GH3 (rat anterior pituitary tumor), AR42J, and ARlP (rat pancreatic acinar tumor) cells were obtained from American Type Culture Collection (Rockville, MD). The GH3 cells were maintained in Ham's F-10 medium supplemented with 15% horse serum and 2.5% fetal calf serum (FCS) in a tissue culture flask (25 cm2). The AR42J and ARlP cells were cultured in Ham's F10 medium containing 15% FCS. They were kept at 37°C under 5% co2-95% air. For immunohistochemical staining at the light microxopic level, they were cultured in a LabTek four-well chamber (Nunc; Naperville, IL) for 3 days and then subjected to staining. The AR42J cells were cultured in Ham's F-10 medium containing 15% FCS supplemented with 10 nM dexamethasone (Sigma; St Louis, MO) for 3 days to allow for differentiation. The cells were then used to localize the SG 170 antigen by immunoelecuon microscopy and to investigate the endocytotic process of HRPlabeled MAb as described later.
Immunohistochemistry
Light Microscopic Study. Under pentobarbital anesthesia, Wistar rats were perfused with cold PBS and subsequently with 200 ml of cold 4% paraformaldehydel0.1 M phosphate buffer, pH 7.2. The tissues were cut into small pieces and further fixed in the same fixative for 6 hr at 4°C. They were then washed with PBS, dehydrated, and embedded in paraffin. Sections about 4 pm thick were treated with PBS containing 1% bovine serum albumin (BSA) for 1 hr, and then with supernatant of the hybrid-oma for 2 hr. The sections were washed with PBS and immunostained by the ABC (avidin-biotin-peroxidase complex) method (20) using a Vectastain ABC kit (Vector; Burlingame, CA). Some sections were counterstained with hematoxylin. For control staining, anti-human transferrin MAb, antihuman prostatic acid phosphate MAb (Cosmo; Tokyo, Japan), or spent culture medium of myeloma cells were employed in place of the primary antibody. The GH3, AR42J, and ARlP cells were fixed with 4% paraformaldehyde for 30 min at room temperature, washed with PBS, treated with 0.05% saponin1PBS for 30 min, and then immunostained with ABC procedures as described above.
Electron Microscopic Study. Rats were perfused with 4% paraformaldehyde and 0.25% glutaraldehyde/O.l M phosphate buffer, pH 7.2, and small pieces of pancreas and parotid gland were fixed with the same fixative for 2 hr at rwm temperature. The AR42J cells were suspended in 0.125% trypsin and 0.01% EDTA (Nakaraitesk; Kyoto, Japan)/PBS from a culture flask and washed with PBS. After fixation with 4% paraformaldehyde and 0.1% glutaraldehyde/PBS for 1 hr at room temperature, the tissue blocks and cells were rinsed with 3.1% sucrose/PBS overnight at 4'C. and then quenched with 0.1% glycine and 3.5% sucrose/PBS for 2 hr at 4'C. To stabilize the cell membranes, the materials were incubated with 2% uranyl acetate, 3.5% sucrose/O.l M maleate buffer, pH 6.2, for 2 hr at O' C according to the method of Berryman and Rodewald (3) . They were then dehydrated with acetone and infiltrated in Lowicryl K4M resin at -20°C. The resin was polymerized using a uv lamp, Tuv-100 (Dosaka EM; Osaka, Japan) at -20°C for 16 hr and subsequently at room temperature for 8 hr. Ultra-thin sections were mounted on nickel grids coated with Neoplene W (Nisin EM; Tokyo, Japan). The sections were treated with 1% BSA in 20 mM %is-HC1. pH 7.4, containing 0.5 M NaCl (TBS) for 30 min, followed by MAb 170-5 (20 pg proteinlml) overnight at 4°C. For a control examination, anti-human prostatic acid phosphatase MAb was used in place of MAb 170-5. The grids were washed with TBS and then incubated with anti-mouse IgG goat antibody-labeled colloidal gold (10 nm; Janssen Biotech, Beerse, Belgium); the colloidal gold solution was diluted 10-fold with 1% BSAITBS. After washing with TBS, the sections were fixed in 2.5 % aqueous glutaraldehyde solution for 20 min, rinsed with distilled water and then treated with aqueous 2 % 0~0 4 .
The sections were counterstained with lead citrate and examined in a JEOL 100 CX electron microscope at 80 kV.
Characterization of SG 170 Antigen
Membrane Association and Orientation of the Antigen. Two-phase Fractionation of the Antigen. Proteins of intact secretory granules of rat parotid gland were fractionated in Triton X-114 according to the method of Bordier (5, 45) .
Eypsin Digestion of Secretory Granules. Intact secretory granules were treated with trypsin in the presence or absence of 0.3% Triton X-100 to investigate the orientation of the antigen on the secretory granule membrane, as described previously (45) .
Spot-dot Analysis of SG I70 Antigen in Parotid Saliva.
A rat fasted overnight was given an intraperitoneal injection of 5 mg isoproterenol (Sigma) dissolved in saline. After 30 min, parotid saliva was collected from the excretory duct of the parotid gland under pentobaribital anesthesia. The secretory granule membrane of rat parotid gland and the saliva were dissolved in 1% SDS aqueous solution and diluted with the same solution. Fifty ~1 of samples that contained 5 pg, 1 pg, 200 ng, 40 ng, and 8 ng protein were spotted on a nitrocellulose sheet (Schleicher & Schuell; Dassel. FRG) using a BIO-DOT (Bio-Rad; Richmond, CA). Then SG 170 antigen in each spot was detected according to the same procedure with Western blotting, as described later.
Glycosidase Treatments. Proteins from the detergent phase of Triton X-114 were treated with N-glycanase (Genzyme; Boston, MA), neuraminidase (Seikagaku Kogyq Tokyo, Japan), or neuraminidase plus endo-a-Nacetylgalactosaminidax (Seikagaku Kogyo) as previously reported (46).
SDS-PAGE and Western
Blotting. Samples were dissolved in 2% SDS and 8 M urea without 2-mercaptoethanol treatment and were run on 12.5 % slab gels according to the method of Laemmli (22). Polypeptides were then transferred electrophoretically onto a nitrocellulose sheet. For detection of antigen, the sheet was treated with 5 % defatted milk (Yukijirushi Nyugyo; Sapporo, Japan) in TBS for 1 hr, then with MAb 170-5 for 2 hr, and was washed with TBS containing 0.05% Tween 20. The sheet was incubated with HRFlabeled anti-mouse IgG sheep F(ab)z fragments (Amersham Japan; Chiba, Japan), at a 1:lOO dilution with 1% BSAITBS, for 2 hr. It then was rinsed with TBS containing 0.05% Tween 20, and subsequently incubated in DAB solution.
Endocytosis of He-labeled MA6 1704 into AR42J Cells
Using Affi-Gel Protein A (Bio-Rad), MAb 170-5 was purified from ascites. Normal mouse IgG was purchased from Sigma. MAb were conjugated with HRP (Type VI-A; Sigma) according to the method of Wilson and Nakane (43) . The conjugates were purified by gel chromatography with Sephacryl s-300 (Pharmacia; Uppsala, Sweden), using a 2.5 x 44-cm column.
Continuous Labeling with =labeled MAb 170-5. The AR42J cells were incubated with HRP-labeled MAb 170-5 or HRP-labeled normal mouse IgG (20 pg/ml) in Ham's F-10 medium supplemented with 15% FCS in the presence or absence of 100 nM cholecystokinin sulfate 26-33 octapeptide, CCK (Bachem; Torrance, CA). They were incubated for 5 , 15, 30, 60, and 90 min, respectively, at 37'C under 5% CO?-95% air.
Pulse and Chase Labeling. The AR42J cells were treated with HRPlabeled MAb 170-5 (20 pg/ml) for 15 or 30 min in the presence of 100 nM CCK and were washed three times with the Ham's F-10 medium containing 15% FCS, followed by incubation with the same medium supplemented with 10 nM dexamethasone for 3, 6, and 9 hr at 37'C.
After the incubation, the cells on Lab-Tek chambers were washed twice with cold PBS, fixed in 2.5% glutaraldehyde/PBS for 45 min at room temperature, and then washed with PBS overnight at 4'C. They were incubated with H202-free DAB solution for 30 min, subsequently with DAB solution containing H202. and then washed with cold PBS. They were postfixed in 2 % Os04/0.1 M phosphate buffer, pH 7.2 for 1 hr, dehydrated with a graded ethanol series, and embedded in epoxy resin. Ultra-thin sections were electron-stained with lead citrate or with uranyl acetate and lead citrate and were examined in a JEOL 100 CX electron microscope at 80 kV.
Results
MA6 Production
The culture supernatants of 17 out of 340 wells exhibited positive immunostaining in the cytoplasm of acinar cells of the parotid gland and pancreas and of cells of the islets of Langerhans. One hybridoma was finally cloned. It secreted IgGl (K) class immunoglobulin (MAb 170-5).
Common Antigen (SG 170 Antigen) in Secretory Granules and Lysosomes
Immunohistochemical staining was carried out using MAb 170-5 on paraffin sections of rat tissues and cell lines derived from the rat. Secretory granules of both exocrine and endocrine cells and lysosomes in many tissues revealed positive immunostaining in the cytoplasm. The results obtained indicated that SG 170 antigen, which reacts with MAb 170-5, represents a universal marker for secretory granules and lysosomes, as follows.
Exocrine Cells. Granular reaction products were present in the apical cytoplasm of acinar cells, intercalated and striated ductal cells in the parotid gland ( Figure 1A ) and submandibular gland. At a high magnification, the reaction was found along the secretory granule membrane in the parotid gland ( Figure 1B) . Serous cells in the sublingual gland displayed a reaction in the cytoplasm. Pancreatic acinar cells ( Figure IC) , chiefcells in the stomach ( Figure ID) , Paneth cells in the duodenum ( Figure IG) , and prostatic acinar cells also exhibited a strong reaction in the apical cytoplasm. The nuclei and basal cytoplasm revealed no immunostaining in the exocrine cells. A lattice-like staining was observed in the cytoplasm of duodenal glandular cells. In addition, reaction products were recognizable along the apical cell membrane of some acinar cells of the salivary gland and pancreas and on chief cells in the stomach. No reaction was detected in the lumina of these exocrine glands or in the ductal lumina.
Endocrine Cells. Endocrine pancreatic cells ( Figure IC) and parafollicular cells in the thyroid gland ( Figure 1E ) showed a strong homogeneous immunostaining in the cytoplasm. Adrenal medullary cells ( Figure 1F ) and adenohypophyseal cells also yielded a positive reaction, although the intensity of staining was heterogeneous among the cells. In the enterochromaffin cells in gastrointestinal tract ( Figure IG) , immunostaining was present in the cytoplasm; some cells revealed an immunoreaction only in the basal cytoplasm.
Other Cells and Cell Lines. In liver cells, a strong granular reaction was noted in the cytoplasm, especially in the pericanalicular region ( Figure 1H ). Such granular reaction was also recognizable in the supranuclear region of absorptive cells in the small intestine and the apical cytoplasm of renal tubules; however, the reaction in these cells was weaker than that in the liver cells. These reactions were probably due to lysosomes, because acid phosphatase activity was observed in the same regions. The AR42J cells ( Figure 11 ) and GH3 cells demonstrated abundant spotty immunostaining in the cytoplasm. Small amounts of the reaction deposits were recognized in the cytoplasm of ARlP cells, probably reflecting the number of secretory granules.
All of the control experiments gave negative immunostaining for the tissues described above. No crossreactivity was recognized in the mouse, guinea pig, rabbit, and human parotid gland and pancreas in the immunohistochemical study (data not shown).
Intracellular Localization of SG 170 Antzgen
We examined the intracellular localization of the antigen using immunogold in the rat pancreas, parotid gland, and AR42J cells that were embedded in Lowicryl K4M. In the rat pancreatic acinar cells, colloidal gold particles were recognized along the membranes of secretory granules and condensing vacuoles and on small vesicles of the Golgi trans and cis faces (Figures 2A and 2B ). Gold labeling was rarely observed on the Golgi stacks, rough endoplasmic reticu--++ ' . t\ A . 4. lum, and nuclei. The membranes of tubular and vesicular lysosomes exhibited a stronger reaction than those of the secretory granules. Heavily labeled tubular lysosomes were often seen in the basal portion of the cytoplasm ( Figure '2A) . Such tubular lysosomes probably corresponded to those reported by Oliver (29) which contain trimetaphosphatase activity and have endosomal characteristics. In a few acinar cells the apical cell membrane was also labeled with gold particles ( Figure 2B ). Secreted substances in the lumina exhibited no immunostaining. An almost identical labeling pattern was observed in the acinar cells of the parotid gland, although the reaction in the condensing vacuoles was stronger than that in the exocrine pancreatic cells ( Figure 3A) . Control sections showed negative immunostaining in parotid acinar cells ( Figure 3B ), in pancreatic acinar cells, and in AR42J cells. In the AR42J cells, the secretory granules were not of uniform size and shape: round secretory granules were prominent, but ellipsoidal and tubular secretory granules were also present. Labeling with MAb 170-5 was observed on the membranes of the secretory granules ( Figure 4A ). lysosomes, and Golgi vesicles in the tram and c i~ faces ( Figure 4B ). No labeling was found in the Golgi stacks, rough endoplasmic reticulum, nuclei, mitochondria and lipid droplets ( Figures 4A and 4B ).
Identifiation ana' Characterization of SG 170 Antigen
The peptides of the secretory granule membrane (Figure 5 , Lane 1) or those obtained from the detergent phase of secretory granules on Triton X-I14 fractionation ( Figure 5, Lane 4) were analyzed by the SDS-PAGE and immunoblot techniques. Staining with MAb 170-5 revealed several positive bands; their apparent molecular weights were 92, 84, 76, 69, and 65 KD. The microsomal fraction of rat submandibular gland also showed the same spectrum of immunoreactive polypeptides. In particular, 92 and 84 KD polypep- Membrane Association and Topology of SG-170 Antigen. Setretory granules of the parotid gland were fractionated using Triton X-114 to examine the membrane association of the SG-170 antigen. Almost 100% of the SG-170 antigen was partitioned into the detergent phase ( Figure 5 , Lanes 4 and 5). Figure 5 , Lane 3 shows SG-170 antigen ofsecretory granules More the fractionation. About 96% of the amylase activity was recovered in the aqueous phase. Intact secretory granules of the rat parotid gland were treated with trypsin in the presence or absence of Triton X-100 to determine whether the antigen is localized inside or outside of the secretory granules. Trypsin digestion in the absence of Triton X-100 elicited no change in the electrophoretic mobilities of the SG 170 antigen (Figure 5 , Lane 6) . However, the antigen was almost completely digested in the presence of the detergent (Figure 5. Lane 7) . Figure  6 shows the spot-dot analysis of SG 170 antigen from secretory granule membrane of parotid gland (Row 1) and parotid saliva (Row 2). Secretory granule membrane fraction provided positive immunostaining of SG 170 antigen. ranging in concentration between 5 pg-200 ng. although no spots of parotid saliva were stained with MAb 170-5.
Endocytosis of HRPlabeled MA6 170-S into AR42J Cells
The AR42J cells grew in colonies forming a pile, and only cells localized in the periphery of the colonies took up labeled antibody. When the cells were continuously incubated with HRP-labeled MAb 170-5 in the presence of 100 nM CCK at 37°C. the labeled antibody was rapidly internalized into the cells. After 5 min. labeling was present in the tubular and small vesicular endosomes and in a few vacuoles. On the cell membranes, labeling was localized only in the coated pits ( Figure 7B) . At 15 and 30 min after incubation, DAB deposits were predominant in the vacuolated endosomes and multivesicular bodies in addition to the tubular and vesicular endosomes ( Figure 7A ). Some lysosomes exhibited heavy labeling, but the Golgi region was devoid of labeling. After 60-90 min of incubation, the labeled antibody was mainly delivered to the lysos o m a (Figures 7C and 7D) . Labeling was occasionally recognized in the tubules and vesicles of the truns-Golgi area that might correspond to the trans-Golgi network reported by Griffiths and Simons (16) . and in the vesicles of the Golgi cis face (Figures 7C and  7D ). However. there was no evidence of delivery of the labeled antibody into the secretory granules during this time course. antibody was almost the same as that in the cells stimulated with CCK. When HRP-labeled normal mouse IgG was incubated with AR42J cells for 90 min in the presence of CCK. neither internalization of label nor the presence of multivesicular bodies was observed ( Figure 8 ). These results indicate that the uptake of HRPlabeled MAb 170-5 is an antigen-mediated specific process in AR42J cells.
To examine whether or not HRP-labeled MAb 170-5 is transported into the secretory granules, cells were treated with HRPlabeled antibody for 15 or 30 min in the presence of CCK and chased in the CCK-free culture medium with 10 nM dexamethasone for 3, 6, and 9 hr. At 3 and 6 hr of incubation, DAB reaction deposits were frequently recognized in the tubules and vesicles of the trans-Golgi area. In some cells the tubules were connected to each other, and budding of labeled vesicles was present ( Figure 9A) . Heavy staining was observed in the lysosomes ( Figure 9A) . In continuous or pulse-chase labeling experiments, HRP-labeled MAb 170-5 was not incorporated into the Golgi stacks. After chasing for 6 and 9 hr, labeling was found to be localized in some secretory granules of small size in a few cells, in addition to the vesicles and tubules at the Golgi trans face and in lysosomes ( Figures 9B and 9C) .
Discussion
In the present study, we elucidated the presence of a common antigen (SG 170 antigen) in the secretory granules and lysosomes of various cells of the rat. Membrane association of the antigen was confirmed by immunoelectron microscopy, two-phase fractionation with Triton X-114, and spot-dot analysis of parotid saliva. We recently prepared MAb to secretory granule membranes of the rabbit parotid gland and demonstrated the presence of the common antigen of secretory granule membranes, secretory granule specific antigen (SGSA). in the rabbit (45) . The MAb to rat and rabbit secretory granule membranes displayed a positive immunoreaction only in the respective animals and yielded no crossreaction to other animals. However, the nature of the common antigens in the secretory granules may well be conserved among animals, since the characteristics of the SG 170 antigen are almost identical to those of SGSA in the rabbit (45) . Both these antigens were integral membrane glycoproteins with N-linked carbohydrate and were localized on the luminal side of secretory granules. Their antigenicities were completely destroyed with 2-mercaptoethanol treatment.
The highly heterogeneous forms of the SG 170 antigen before and after N-glycanase digestion probably account for the differential glycosylation of the antigen, since the enzyme cannot induce complete removal of the N-linked carbohydrate, and because the secretory granules of rat parotid gland contain no proteolytic enzymes. Nevertheless, the following possibility cannot be ruled out. The polypeptides of the SG 170 antigen may undergo partial proteolysis in the endosomes andlor in the trans-Golgi network during repeated recycling, as discussed later. The antigenic determinant should be present in polypeptides but not in carbohydrate chains, because the antigenicity was completely destroyed with 2-mercaptoethanol treatment and it was conserved after the N-glycanase digestion. Production of antibodies to secretory granule membrane has been reported in many cell types. Matthew et al. (27) . Buckley and Kelly (7), and Lowe et al. (26) indicated that common antigens are present in secretory granule membranes of endocrine cells and synaptic vesicles, using antibodies to neuronal synaptic vesicle membranes. In addition, Grimaldi et al. (17) noted that MAb to insulin secretory granule membrane crossreacted with the secretory granules in the anterior pituitary, adrenal medulla, and insulinoma cells, although they were not localized in the secretory granule membranes in exocrine cells. Geuze et al. (12) and Scheffer et al. (36) prepared antibodies to GP-2 purified from secretory grand e membrane of pancreatic acinar cells. However, GP-2 was not localized in the pancreatic endocrine cells. It therefore appears that these antigens are not common markers of the secretory granule membranes and that they differ from SG 170 antigen in rat and SGSA in rabbit.
The components of the secretory granule membrane are thought to be inserted into the cell membrane during exocytosis and to be retrieved into the Golgi area and subsequently into secretory granules by endocytosis. Various kinds of tracers have been employed to monitor the membrane retrieval morphologically. However, there has been no agreement regarding the destinational organellae: lysosomes (6,14,30,34.40) , G E K , or the trans-Golgi network (6,13. 34, 40) and Golgi stacks (9, 19, 31, 34, 39) . This disparity is probably based on differences not only in the cell types but also in the tracers. In addition, the experiments revealed recycling of membranes but did not demonstrate recycling of characterized membrane components. In almost all studies, nonspecific uptake of tracers was investigated employing soluble-phase and membrane-bound markers such as HRP, cationized ferritin, dextran, and lectins. We investigated the recycling of SG 170 antigen during exocytosis and endocytosis in AR42J cells employing HRP-labeled MAb 170-5 as a tracer in the presence and absence of CCK, because it is known that discharge of secretory proteins is elicited with CCK in these cells (24).
The MAb 170-5 might represent a suitable tool for following retrieval of the membrane component SG 170 antigen during the secretory process, for the following reasons. First, since the antigen faces the outer side on the cell membrane, antigen-mediated specific endocytosis of HRP-labeled MAb 170-5 would be expected. Second, membrane perturbation, such as a cap formation, may be minimized by using MAb as a tracer. Third, the antigen-antibody complex is stable even at pH 3.0, so that the dissociation of the complex may not take place during intracellular transportation. Fourth, degradation of HRP-labeled MAb 170-5 incorporated in secretory granules may be minimized because the cells cultured with dexamethasone contain amylase but not other proteolytic enzymes in the granules (25).
HRP-labeled MAb 170-5 was endocytosed into the coated pits of the cell membrane, then transferred to the vesicular and tubular endosomes (Figures 7A and 7B) . This pathway is similar to that of receptor-mediated uptake of ligands, such as the internalization of asiologlycoprotein (11), epidermal growth factor (42), and transferrin (41) . The incorporation of HRP-labeled MAb 170-5 was remarkably low in the absence of CCK, but the intracellular traffic of HRP-labeled MAb 170-5 was the same as that in stimulated cells. Therefore, low amounts of the antigen may be present in the cell surface even in the unstimulated condition, although we were not able to detect the antigen there using the post-embedding method. In the present study, therefore, the internalization of both antigens that are inserted into the cell membrane during exocytosis and that are originally distributed in cell membrane should be traced by HRP-labeled MAb 170-5.
In occasional cells at 60-90 min of continuous labeling, reaction deposits were found to be localized in the tubules and vesicles in the trans-Golgi region that probably corresponds to the trans-Golgi network (Figures 7C and 7D ). In the pulse and chase experiments, 3-6 hr after incubation HRP-labeled MAb 170-5 was frequently observed in the trans-Golgi network in which tubules and vesicles were sometimes connected with each other, showing a reticulum with budding of vesicles ( Figure 9A ). It is reported that transferrin and asialoglycoprotein receptor-ligand complexes are endocytosed into endosomes or CURL (compartment of uncoupling of receptor and ligand). Then the receptors are dissociated with the ligands in endosomes and return directly to the cell membrane within 15-20 min in many cell types (11,37) . In a few cell types, they return from endosomes to cell surface via the trans-Golgi network or the Golgi stacks (41, 44) . On the other hand, the internalized SG 170 antigen stayed in the trans-Golgi network for 1-6 hr, and the transfer of the antigen to the cell membrane was hardly observed in that time course. It seems that the trans-Golgi network is a reservoir of the recycled and newly synthesized antigen for the packaging of secretory proteins and lysosomal enzymes. It is suggested that receptors of transferrin and asialoglycoprotein probably have a smaller pool than that of SG 170 antigen and rapidly recycle between endosomes and the cell membrane, which are primarily localization sites of these receptors, although the recycling of these receptors has not been studied in cells having secretory granules.
Hertog and Farquhar (19) and Farquhar (9) suggested that the Golgi stacks represent a membrane reservoir consisting of recovered granule membrane in the exocrine and endocrine cells, on the basis of their results that cationized ferritin and dextran were transferred into the Golgi stacks and then incorporated into secretory granules. However, the Golgi stacks exhibited no labeling during any time course in the present study or in Patzak and Winkler's experiments using antibodies to secretory granule membranes as a tracer (33). In addition, SG 170 antigen was not localized in the Golgi stacks in parotid and pancreatic acinar cells or in AR42J cells on immunoelectron microscopy. These findings also indicate that the main pool of SG 170 antigen is contained in the tranr-Golgi network in which the condensation of secretory proteins, maturation of pro-hormones, and sorting of lysosomal enzymes and their receptors may take place in various cells (15) and to some extent in the vesicles of the Golgi cis face but not in the Golgi stacks. However, further studies are necessary to elucidate the membrane retrieval to the trans-Golgi network and Golgi stacks in other types of secretory cells under different conditions, as Griffiths et al. (15) have reported that the Golgi stacks and trans-Golgi network are dynamic and interrelated structures which are capable of rapid alteration.
After 6-9 hr, labeling was seen in the secretory granules ( Figures  9B and 9C) . The present results therefore demonstrate that the SG 170 antigen is retrieved from the cell membrane after exocytosis and is inserted into the secretory granules via the trans-Golgi network. This pathway of recycling is essentially in accordance with the report of Patzak and Winkler (33), in which they employed colloidal gold-labeled antibody to glycoprotein 111 isolated from chromaffin granules as a specific tracer in chromaffin cells of the bovine adrenal gland in vitro. Banifacino et al. (2) noted surface exposure and internalization of the secretory granule membrane of basophilic leukemia cells, employing a specific MAb to the granule membrane based on immunofluorescence techniques.
The recycling of SG 170 antigen should take place in the normal process of exocytosis. For the examination of membrane recycling, monospecific Fab fragments of MAb 170-5 are thought to be more suitable tracers than whole IgG to avoid membrane perturbation. We tried to prepare Fab fragments; however, we could not obtain the immunoreactive F(ab)2 fragments when MAb 170-5 was treated with pepsin at pH 4.5 or 3.6 or with trypsin at pH 7.4. Therefore, the possibility has not been ruled out that the aggregated immune complex on the membrane elicits membrane perturbation and that a part of HRP-labeled MAb 170-5 is incorporated into abnormal pathways. Many multivesicular bodies and lysosomes showing strong DAB reaction deposits were formed during the endocytosis of HRP-labeled MAb 170-5 in AR42J cells. This may be a non-physiological recycling pathway caused by binding of MAb to SG 170 antigen or aggregation of immune complex, because they were not formed in the control study using HRP-labeled normal mouse IgG even in the presence of CCK.
In the present study, SG 170 antigen was localized along the membranes of tubular and vesicular lysosomes at a high concentration in parotid and pancreatic acinar cells and in AR42J cells (Figures 2 and 4) . Moreover, the antigen was present in lysosomes of liver cells and other cells containing no secretory granules (Figure 1H) . These results demonstrate that membranes of secretory granules and lysosomes share the SG 170 antigen. The contents in some lysosomes also exhibited a strong immunoreaction for SG 170 antigen (Figures 2 and 4) . The reaction in the lysosome probably indicates the process of degradation of excess secretory granule membranes recovered after exocytosis.
